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CO 
CO 



CO 




Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 767 491 A1 



2 



Description 

Technical Field 

[0001] The present invention relates to a method of 
forming a nano-structure for forming a fine pattern used, 
for example, in semiconductor industries, and a nano- 
structure obtained by the method. 

Technical Background 

[0002] A technique of forming a fine pattern has been 
widely used, for example, forformation of IC in semicon- 
ductor industries and has attracted a lot of attention. In 
particular, 2-dimensional fine patterns are relevant to 
manufacture and increase in integration of integrated cir- 
cuits, thus, research and development of the 2-dimen- 
sional fine patterns have been vigorously conducted. 
Miniaturization of the 2-dimentional pattern has been 
conducted generally by various techniques of direct de- 
piction utilizing beam, light, electron, ion, and the like, or 
projection and transfer of given mask patterns (photoli- 
thography, nano-imprint, and the like.) 
[0003] For example, the lithographic method is indus- 
trially developed most vigorously, and the basic concept 
for proceeding miniaturization thereof is in "shortening 
the wavelength of light or electron beam to be irradiated, 
thereby, conducting fine fabrication". Accordingly, it is a 
basic tactics to shorten the wavelength of a light and the 
like to be irradiated and develop materials and equip- 
ments corresponding thereto. However, the tactics re- 
quire extremely expensive apparatus using shortwave- 
length light, thereby, enormous investment is necessary 
for the facility of the process perse. In addition, it is nec- 
essary to design materials and processes such that the 
effect of the wavelength can be exerted to the utmost 
extent. Further, resist materials required for the litho- 
graphic method require various conditions in view of de- 
sign material; not absorbing an irradiated light even at 
short wavelength, introducing given functional groups for 
improving the exposure accuracy, and enhancing the 
etching resistance in the subsequent treatment. 
[0004] Further, electron and ion beam fabrication other 
than the photolithographic method are individual direct 
depiction by the beam, suffering from limitation in the 
improvement of the through put. As an analogues meth- 
od, there is a dip pen lithographic method based on an 
atomic force microscopy technique but patterns are pre- 
pared one by one in the method, therefore, the method 
is far from industrial application. 

[0005] Further, while nano-imprint may be mentioned 
as a method capable of pattern transfer by a convenient 
method, but materials to which the imprint is applicable 
suffer from various limitations and, the fine fabrication 
accuracy of a template depends on the known lithograph- 
icmethod, thereby, this method does not substantially im- 
prove the fine fabrication accuracy. 
[0006] As has been described above, methods for 



forming fine patterns known so far involve various limi- 
tations or problems. A new fine fabrication method ca- 
pable of overcoming the problems is sought to be devel- 
oped. 

5 [0007] On the other hand, the present inventors have 
disclosed nano-level thin films and manufacturing meth- 
ods thereof such as materials for forming thin films of 
amorphous metal oxide (JP-A No. 2002-33821 1 ), a man- 
ufacturing method of organic/metal oxide complex thin 

10 films (JP-ANo. 10-249985), nano-materials of complex 
metal oxides (WO 03/095193), etc. 

Disclosure of the Invention 

15 [0008] Under the situations described above, the 
present inventor, as a result of an earnest study, has 
unexpectedly found that a nano-structure can be manu- 
factured by adsorbing a material in a liquid phase state 
on the surface of a template to form a thin film and re- 
20 moving the template in the technique for forming a fine 
pattern. That is, a method of vapor depositing a metallic 
material or a method of coating by a spin coat method 
used in the manufacturing technique of fine nano-pat- 
terns such as for semiconductors actually suffers from 
25 various limitations and involves various difficulties forthe 
manufacture of the nano-structure. That is, they suffer 
from various limitations for example, on starting materi- 
als, structures obtained, manufacturing conditions and 
cost, therefore, they are difficult to be put to practical use. 
30 [0009] The present invention has been found a method 
of forming a nano-structure with extremely less limita- 
tions than usual of dissolving the problems described 
above by adsorbing a material in a liquid phase state on 
the surface of a template. 
35 [0010] Specifically, it has been attained by the follow- 
ing means. 

(1 ) A method of forming a nano-structure comprising 
forming a thin film by a liquid phase adsorption on 

40 surface of a template formed on a substrate, remov- 
ing a portion of the thin film, and removing the tem- 
plate. 

(2) The method of forming a nano-structure accord- 
ing to (1), wherein a portion of the template is ex- 

45 posed by the removing of the portion of the thin film. 

(3) A method of forming a nano-structure comprising 
forming a first thin film on surface of a first template 
formed on a substrate, forming a second template 
on the surface of the first thin film, forming a second 

50 thin film on the surface of the second template, re- 
moving a portion of the first thin film and/or the sec- 
ond thin film simultaneously or separately, and re- 
moving the first template and/orthe second template 
simultaneously or separately, wherein at least one 

55 of the forming of the first thin film, the forming of the 
second template, and the forming of the second thin 
film is conducted by liquid phase adsorption. 

(4) The method of forming a nano-structure accord- 
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ingto (3), wherein material of the first thin film differs 
from that of the second thin film. 

(5) The method of forming a nano-structure accord- 
ing to (3) or (4), wherein the forming of the first thin 
film, the forming of the second template, and the 5 
forming of the second thin film are conducted con- 
tinuously. 

(6) The method of forming a nano-structure accord- 
ing to any one of (1) to (5), wherein the thin film is 
formed by a sol-gel method. 10 

(7) The method of forming a nano-structure accord- 
ing to any one of (1) to (5), wherein the thin film is 
formed by a sol-gel method using a metal alkoxide. 

(8) The method of forming a nano-structure accord- 
ing to any one of (1) to (5), wherein the thin film is 15 
formed by stacking by a sol-gel method for one or 
more times. 

(9) The method of forming a nano-structure accord- 
ing to any one of (1) to (8), wherein the thin film is 
formed at 0 to 150°C. 20 

(1 0) The method of forming a nano-structure accord- 
ing to any one of (1) to (9), wherein the thin film is 
formed under 1 .0 x 1 0 6 Pa or lower. 

(1 1) The method of forming a nano-structure accord- 
ing to any one of (1 ) to (1 0), wherein the template is 25 
the nano-structure formed by the method according 

to any one of (1) to (10). 

(1 2) The method of forming a nano-structure accord- 
ing to any one of (1) to (11), comprising forming a 
template on the surface of the nano-structure formed 30 
by the method according to any one of (1 ) to (1 1 ). 

(1 3) The method of forming a nano-structure accord- 
ing to any one of (1) to (12), wherein the thin film 
comprises one or more selected from the group con- 
sisting of metal oxides, organic/metal oxide complex, 35 
organic compounds, and organic/inorganic com- 
plex. 

(1 4) The method of forming a nano-structure accord- 
ing to any one of (1) to (13), wherein the template 
comprises an organic compound. 

(1 5) The method of forming a nano-structure accord- 
ing to any one of (1) to (14), wherein the thickness 
of the thin film is 1 00 nm or less. 

(1 6) The method of forming a nano-structure accord- 
ing to any one of (1) to (14), wherein the thickness 45 
of the thin film is from 1 0 to 50 nm. 

(1 7) The method of forming a nano-structure accord- 
ing to any one of (1 ) to (1 6), the surface of template 
is not planar. 

(18) The method of forming a nano-structure accord- so 
ing to any one of (1 ) to (1 7), the template has a size 

of 1 cm 3 or more. 

(1 9) The nano-structure obtained by the method ac- 
cording to any one of (1 ) to (1 8). 

(20) The nano-structure according to (19), having 55 
self-sustainability. 



Brief Description of the Drawings 
[0011] 

Fig. 1 shows a schematic view of the first embodi- 
ment of the invention. Fig. 2 shows a schematic view 
of the second embodiment of the invention. Fig. 3 
shows a schematic view of the third embodiment of 
the invention. Fig. 4 shows a schematic view of the 
fourth embodiment of the invention. Fig. 5 shows a 
schematic view of a fifth embodiment of the inven- 
tion. Fig. 6 shows a schematic view of the sixth em- 
bodiment of the invention. Fig. 7 shows a schematic 
view of the seventh embodiment of the invention. 
Fig. 8 shows a schematic view of the eighth embod- 
iment of the invention. Fig. 9 is a photograph showing 
the nano-structure obtained in Example 1 . Fig. 1 0 is 
a photograph showing the nano-structure obtained 
in Example 2. 

Detailed Description of the Invention 

[0012] In the followings, the content of the invention is 
to be described specifically. In the specification of the 
present application "— to — " is used in the meaning of 
including numerical values described before and after 
thereof as a lower limit value and an upper limit value. 

(1) Kind of thin film 

[0013] The thin film of the invention is not particularly 
limited so long as it does not depart the gist of the inven- 
tion and includes, for example, one or more member se- 
lected from the group consisting of metal oxides, organic/ 
metal oxide complex, organic compounds, and organic/ 
inorganic complex. Particularly, the invention has a fea- 
ture capable of using a material containing an organic 
compound forforming athin film since a thin film material 
in a liquid phase state is adsorbed in contact with a tem- 
plate. Heretofore, fine fabrication used in semiconductor 
industries, andthelike has been conducted by the means 
of vapor deposition of a metallic material in a gas phase 
state or spin coating the same in a liquid phase state. 
However, the vapor depositing the thin film material in 
the gas phase state imposes various limitations, for ex- 
ample, organic materials of high molecular weight can 
not substantially be vapor deposited. Further, since the 
spin coating method is a method of physically coating a 
material in a liquid phase state, it can not be substantially 
coated uniformly on a surface being an uneven surface 
or complicating shapes. The present invention has over- 
come the problems by using a technique of adsorbing 
the thin film material in a liquid phase state on the surface 
of a substrate and made it possibly to be applicable also 
for the materials containing organic compounds. 
[0014] Further, in the method of the invention, in a case 
of constituting a thin film with two or more kinds of ma- 
terials, since they are in contact with a template in the 
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liquid phase state, the compositional ratio can be con- 
trolled easily. In addition, successive stacking of two or 
more kinds of the materials can also be conducted by an 
easy operation. 

[0015] The material for the thin film in the invention 
preferably includes for metal oxides, specifically, those 
containing silicon, titanium, zirconium, and hafnium. Fur- 
ther, thin film materials of amorphous metal oxides hav- 
ing a structure which is removed with a portion corre- 
sponding to organic ingredients of the organic/metal ox- 
ide complex thin film in which the organic ingredients are 
molecularly dispersed as described in JP-A No. 
2002-33821 1 , a thin film material comprising a polymeric 
thin film layer, and one of a metal oxide thin film layer 
and an organic/metal oxide complex thin film layer, 
wherein the polymeric thin film layer has hydroxyl groups 
or carboxyl groups on the surface thereof, and the hy- 
droxyl groups or the carboxyl groups combine the metal 
oxide thin film layer or the organic/metal oxide complex 
thin film layer therewith through a coordination bond or 
a covalent bond as described in International Publication 
WO03/0951 93, and the like can be used preferably. Fur- 
ther, also a metal oxide thin film, an organic compound 
thin film, and complex thereof as described in JP-A No. 
10-249985 can be used preferably. 
[0016] As the organic compound, polyanions and/or 
polycations which are polymers having static charges are 
preferred. The polyanions are those having functional 
groups capable of being charged negatively such as pol- 
yglutamic acid, sulfonic acid, sulfuric acid, and carboxylic 
acid, and include, as preferred examples, polystyrene 
sulfonic acid (PSS), polyvinyl sulfuric acid (PVS), dextran 
sulfuric acid, chondroitin sulfuric acid, polyacrylic acid 
(PAA), polymethacrylicacid(PMA),polymaleicacid, and 
polyfumaric acid. Among them, polystyrene sulfonic acid 
(PSS) and polymaleic acid are particularly preferred. On 
the other hand, the polycations are those having func- 
tional groups capable of being charged positively such 
as quaternary ammonium groups and amino groups and 
include, as preferred examples polyethylene imine (PEI), 
polyallylamine hydrochloride (PAH), polydiallyldimethyl- 
ammoniumchloride (PDDA), polyvinyl pyridine (PVP), 
and polylysine. Among them, polyallylamine hydrochlo- 
ride (PAH) and polydiallyldimethyl ammonium chloride 
(PDDA) are particularly preferred. 
[0017] In addition to the polycations or polyanions de- 
scribed above, high molecular compounds having hy- 
droxyl groups or carboxyl groups such as polyacyrlic ac- 
id, polyvinyl alcohol, and polypyrrole, polysaccharides 
such as starch, glycogen, alginic acid, carrageenan, and 
agarose, polyimide, phenol resin, polymethyl methacr- 
ylate, polyamide such as acrylamide, polyvinyl com- 
pound such as vinyl chloride, styrenic polymer such as- 
polystyrene,polythiophene, polyphenylene vinylene, 
polyacetylene, and derivatives of the polymers and co- 
polymers can also be used generally. 
[0018] Furthermore, functional polymeric ions such as 
of conductive polymers and poly(aniline-N-propane sul- 



fonic acid) (PAN), various deoxyribonucleic acids (DNA) 
or ribonucleic acids (RNA), proteins, oligopeptides, 
polysaccharides having static charges such as pectin, or 
biomacromolecules having static charges can also be 
5 used. 

[0019] Further, organic compounds of low molecular 
weight are also preferred and, for example, organic com- 
pounds of low molecular weights having functional 
groups such as hydroxyl group, carboxyl groups and ami- 

10 no group, capable of inter- interacting with metal oxides 
such as metal alkoxides can also be utilized generally 
and they preferably include, for example, saccharide 
compounds such as glucose and maltose and derivatives 
thereof, dye compounds such as terephthalic acid orflu- 

15 oresceine and amino acids such as glutamic acid. 

[0020] In a case of forming the thin film only with the 
organic compound, the organic compound has to be se- 
lected properly depending on the film forming means. 
For example, in a case of forming the thin film by an 

20 alternate adsorption method, alternate stacking of poly- 
anions or polycations can be mentioned. Further, any of 
the organic polymeric ions such as polyanions or poly- 
cations is water soluble or soluble to a liquid mixture of 
water and/or organic solvent. Further, for improving the 

25 mechanical strength of the organic thin film, an operation 
for improving the thin film strength by a crosslinking treat- 
ment by a crosslinker or thermal treatment, electrical 
treatment, or chemical treatment can be utilized properly. 
[0021] The thickness of the thin film of the invention 

30 can be determined properly depending on the thickness 
of the nano-structure intended to be obtained. Particu- 
larly, in the method of the invention, the nano-structure 
having the thickness of 100 nm or less, preferably the 
thickness of from 1 to 50 nm, is used as a fine pattern 

35 such as semiconductors. 

[0022] Further, the present invention is profitable in 
that by adjusting the size of the template and the material, 
the thin film in that those having self-sustainability, and 
having a height of from 5 to 500 nm and a width of from 

40 2 to 100 nm, preferably, a height of from 10 to 300 nm 
and a width of from 1 to 50 nm is obtained. 
[0023] The thin filmused in the invention does not nec- 
essarily consist of only one kind but two or more of them 
can be also be used. In this case, plural kinds of thin films 

45 may be formed in a layer state on the surface of one 
template to a thin film (for example, thin film formed by 
stacking a metal oxide layer and an organic compound 
layer) and different thin films may also be formed respec- 
tively on plural templates. ' 

50 

(2) Thin film forming method 

[0024] In the thin film of the invention, a method of ad- 
sorbing the material in the liquid phase state on the sur- 
55 face of the template can be used, being preferably a 
method of chemical adsorption on the surface of the tem- 
plate. The liquid phase adsorption is adsorption of a liquid 
on a surface of a template by contacting the material in 
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a liquid state on the surface of the template, thereby, 
forming the adsorption material into a thin film state and, 
for example, it is preferred to contact the material in a 
liquid state on the surface of the template to form a thin 
film by a surface sol-gel method. By the surface sol-gel 
method, the adsorption amount can be adjusted, as a 
result, the film thickness can be controlled, and the ad- 
sorption material can be extremely easily formed into 
complex. 

[0025] Since the gas phase adsorption results in gas 
exhaust, the facility is expensive, and since the size of 
the chamber keeping the depressurization condition de- 
limits the coating of the surface, the nano-structure that 
can be formed is also limited. Further, since the adsorp- 
tion gas is deposited, no uniform thin film can be formed 
to a portion of the back side to the depositing direction. 
That is, this can be used only to a substrate having a 
uniform surface with no dents. In the method of the in- 
vention, since the material in the liquid phase state is 
adsorbed to form a thin film, the thin film can be formed 
with no limitation on the shape of the substrate. 
[0026] Further, by conducting the liquid phase adsorp- 
tion as in the invention, since the reaction can be con- 
trolled easily by temperature control for the solution, the 
adsorption amount of the thin film material can be adjust- 
ed easily and a much finer structure can be easily formed. 
[0027] More specifically, in a case of the surface sol- 
gel method, it can be formed by repetitively dipping the 
surface of the template where functional groups reacting 
with the metal alkoxide are exposed with the metal alkox- 
ide solution, for example, in accordance with the method 
described in JP-A No. 2002-33821 1 . A metal oxide thin 
film is formed from a solution by stepwise adsorption of 
the metal alkoxide. The metal oxide thin film formed by 
the method is controlled for the thickness at an accuracy 
of a nanometer level. Then, the super thin film of the 
metal oxide is formed of polycondensation of the metal 
alkoxide and the coating accuracy for the template can 
be corresponded as far as the molecular level. Accord- 
ingly, the template structure having a shape at a nanom- 
eter level can be accurately copied in view of the shape. 
[0028] The temperature upon thin film formation is, 
preferably, from 0 to 150°C, more preferably, from 1 0 to 
1 00°C and, further preferably, from 1 0 to 50°C. With such 
a temperature range described above, materials sensi- 
tive to heat can also be used with no limitation. 
[0029] Further, in the invention, the thin film can be 
formed in the vicinity of a normal pressure. The vicinity 
of the normal pressure means that a thin film can be 
formed with no particular application of pressure and, for 
example, also at 1 .0 x 1 0 6 Pa or lower a thin film can be 
formed. In this invention, since the thin film can be formed 
in the vicinity of the normal pressure as described above 
and no expensive chamber is necessary for keeping the 
pressurized state, it is extremely effective. 
[0030] For the metal alkoxide, typical compounds in- 
clude metal alkoxides, for example, metal alkoxide com- 
pounds such as titanium butoxide (Ti(O n Bu) 4 ), zirconium 



propoxide (Zr(O n Pr) 4 ), aluminum butoxide (AI(O n Bu) 4 ), 
niobium butoxide (Nb(O n Bu) 5 ), and tetramethoxy silane 
(Si(OMe) 4 ); metal alkoxides having two or more alkoxide 
groups such as methyltrimethoxy silane (MeSi(OMe) 3 ), 

5 diethylethoxy silane (Et 2 Si(OEt) 2 ); and double alkoxide 
compounds such as BaTi(OR) x . 
[0031] Further, metal oxide precursors, for example, 
isocyanate metal compounds (M(NCO) x ) having two or 
more isocyanate groups such as tetraisocyanate silane 

10 (Si(NCO) 4 ), titanium tetraisocyanate (Ti(NCO) 4 ), zirco- 
nium tetraisocyanate (Zr(NCO) 4 ), and aluminum triiso- 
cyanate (Al (NCO) 3 ) and, further, metal halide com- 
pounds (MX n wherein M represents a metal, X is one 
member selected from F, CI, Br, and I, and n is an integer 

15 of 2 to 4) such as tetrachlorotitanium (TiCI 4 ), and tetra- 
chlorosilane (SiCI 4 ) can also be used. 

(3) Template 

20 [0032] The template of the invention is not particularly 
limited so long as it does not depart from the gist of the 
invention. Templates known so far, for example, tem- 
plates designed by a lithographic method, templates of 
crystal structure,templatesformed bycontactprinting-im- 

25 printing, templates formed by fine mechanical fabrica- 
tion, templates by LIGA, templates by beam drawing, and 
templates which are nano-structures formed by the meth- 
od of the invention (including nano-template complex 
containing the template in a portion thereof), and tem- 

30 plates of such templates formed by applying physical 
treatment and/or chemical treatment on the surface of 
the templates can be used. The physical treatment and/or 
chemical treatment include, for example, polishing, dep- 
osition operation of forming a thin film on the surface, 

35 plasma treatment, solvent treatment, chemical decom- 
position of the surface, heat treatment, and stretching 
treatment. 

[0033] Among the templates described above, tem- 
plates designed by the lithographic method are more pre- 
40 ferred. 

[0034] The shape of the template can be properly de- 
termined in accordance with the shape of an aimed nano- 
structure, for which rectangular, columnar, linear, and 
network structure or branched structure thereof, polygo- 
ns nal shape and com pi ex/ repetitive structure thereof, and 
circuit-like structure as found in integrated circuits, or lat- 
tice shape can be used. Particularly, the invention is ex- 
tremely preferred in that the shape of the template has 
no limitation. That is, in a case of forming a thin film by 
50 a vapor deposition technique generally used in the prior 
semiconductor technique, since deposition can be con- 
ducted only to the vapor deposition direction as described 
above, thin film can not be formed on the template having 
not a planar surface (for example, templates having un- 
55 evenness or dents on the surface), a thin film could have 
not been formed to those having a portion as the back 
side relative to the depositing direction. The invention 
has a merit in that the shape of the template is not also 
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limited because of liquid phase adsorption. 
[0035] Further, the material of the template is prefer- 
ably determined considering a relation between the tem- 
plate and the thin film formed on the surface thereof. That 
is, it is preferred to use a template on which an aimed 5 
thin film is formed easily or use a template that causes 
no hindering factor to each other upon removing the thin 
film orthe template. Specifically, it includes, for example, 
organic compounds, inorganic compounds, metal ox- 
ides, organic/inorganic complex materials. The organic 10 
compound preferably includes, for example, resist poly- 
mers represented by novolac polymer, polyvinyl alcohol, 
and polyacrylic acid. 

[0036] Forthe combination of the template and the thin 
film, when the thin film comprises a metal oxide or an 15 
organic/metal oxide complex, a template comprising an 
organic compound (for example, a template where func- 
tional groups reacting with a metal alkoxide is exposed 
on the surface) is preferred. When the thin film comprises 
a metal oxide, a polymertemplate where hydroxyl groups 20 
or carboxyl groups can be exposed to the surface such 
as a resist polymer represented by a novolac polymer, 
polyvinyl alcohol, or polyacrylic acid is preferred. 

(4) Removing a portion of thin film 25 

[0037] While the method of removing the thin film is 
not particularly limited so long as it does not depart from 
the gist of the invention, it can be determined properly 
considering the kind of the thin film and, optionally, the 30 
kind of the template. For example, known methods such 
as etching, chemical treatment, physical treatment, and 
polishing can be used. 

[0038] Any of a portion of the thin film, so long as it is 
a portion of the thin film, maybe removed by any manner. 35 
Preferably, one plane containing a portion of the thin film 
is removed preferably. In this case, the one plane may 
be in parallel with or perpendicular to the substrate, or 
may have an appropriate angle of inclination. Other re- 
moval than described above may of course be used. 
[0039] Particularly, in a case of using a rectangular 
template, it is preferred to remove only the upper side 
(top side) in the thin film on the surface thereof. Thus, 
only the lateral surface of the thin film is left and, as a 
result, a nano-structure having a self-sustainability can 45 
be obtained. 

[0040] The thin film is removed preferably by 1 to 99% 
of the entire portion and, more preferably, by 5 to 95% 
of the entire portion. 

50 

(5) Template removing step 

[0041] The known method of removing the template 
can be widely used as a method of removing the tem- 
plate. For example, in a case of a template comprising 55 
an organic compound, it can be removed, for example, 
by baking, dissolving, oxygen plasma treatment or the 
like. As a result of such means, a metal oxide structure 



having afine pattern size controlled by the thickness con- 
trol is formed. 

[0042] The removing of the template may be applied 
simultaneously or separately in a case of forming plural 
templates. In a case of separate removal, it is preferred 
to remove successively from those present on the inner 
or lower side. Further, in a case of forming plural tem- 
plates, it is not necessary to remove all the templates. 
Further, for a single template may be entirely removed 
completely, or only the portion may be removed. In a 
case of removing the portion, it is preferred to remove 
from 1 to 99% and, more preferably, remove from 5 to 
95% of the entire portion. In a case of removing a portion 
of the template as described above, the nano-template 
complex containing the template as a portion thereof may 
be also used in such a state. It can be of course be fab- 
ricated further, or fabricated further after transfer to other 
substrate. 

(6) Substrate 

[0043] The substrate of the invention is not particularly 
limited so long as it does not depart from the gist of the 
invention. For example, a smooth substrate may be used, 
or those formed with some or other protrusions within a 
range not departing from the gist of the invention may 
also be used as the substrate. Further, the template and 
the substrate may also be integrated. In this case, the 
template and the substrate can also be removed togeth- 
er. 

[0044] The invention has a feature in that also the ma- 
terial and the surface property of the substrate have no 
particular limitation. The substrate of any shape can be 
used so long as the template can be formed. 
[0045] Specifically, preferred examples include solids 
comprising metals such as silicon and aluminum, inor- 
ganic materials such as, glass, titanium oxide and silica, 
solids comprising organic materials such as acrylic 
plates, polystyrene, cellulose, cellulose acetate, and 
phenol resin or those provided with some or other nano- 
structures (or nano-template complex including a tem- 
plate to a portion thereof) on the surface thereof. 
[0046] Further, the substrate used in the invention is 
used as a base upon forming the nano-structure of the 
invention, which can be used being detached from the 
substrate or, further, can be used as a nano-structure 
being transferred to other substrate. 
[0047] Further, the template on the substrate means 
not only the template formed in contact with the substrate 
but also such a constitution in which a template is formed 
on the template and/or thin film on the substrate. 
[0048] Now, preferred embodiments of the invention 
are to be described with reference to the drawings. Ac- 
cordingly, it will be apparent that other embodiments than 
described above are not extruded. 
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(1) Embodiment (1) 

[0049] Fig. 1 shows the first embodiment of the inven- 
tion, wherein a portion of a laterally long shape represents 
a substrate 1 , a hatched portion represents a template 2 5 
and a portion at the periphery of the template represents 
a thin film 3 (hereinafter, they are identical also with re- 
spect to those in or after Fig. 2 unless otherwise speci- 
fied). At first, a substantially rectangular template 2 is 
formed on the substrate (1 -1).Then, a thin film 3 is formed 10 
so as to cover the surface of the template (1 -2). The thin 
film 3 is formed, preferably, by a surface sol-gel method 
and the thickness of the thin film is preferably controlled 
by the repetitive number of cycles of the surface sol-gel 
method. By using such a method, a thin film which is 15 
uniform and free from unevenness can be formed. Fur- 
ther, a portion of the thin film is removed by removing the 
upper side at a plane in parallel with the substrate (par- 
ticularly preferably, only the top side as a thin film on the 
upper side of the template) (1 -3). In this case, a portion 20 
of the template may also be removed together with the 
top side of the thin film. Then, the template is removed. 
Then, only the thin film 3 on the lateral surface remains 
to be formed a nano-level structure 4 (1 -4). 
[0050] That is, in the nano-structure of the invention, 25 
the accuracy of the obtained nano-structure can be con- 
trolled by adjusting the thickness of the thin film in the 
step of formingthe thinfilm on the surface of thetemplate. 
Then, by properly defining the shape of the template, an 
extremely finer structure can also be formed. According- 30 
ly, the line width when that is to be formed into a wiring 
circuit can be controlled easily even at a fine level. Further 
the nano-level structure of this embodiment having a self- 
sustainability, for example such a thin member vertically 
standing, can also be formed. The self-sustainability can 35 
be preferably obtained more easily by controlling the as- 
pect ratio (width/height) to 1/300 or less in a case of a 
metal oxide thin film and the aspect ratio (width/height) 
to 1/1 00 or less in a case of an organic/metal oxide com- 
plex thin film. For obtaining the self-sustainability further 
more easily, the aspect ratio (width/height) is preferably 
1/10 or less in cases of the metal oxide thin film or the 
organic/metal oxide complex thin film. 
[0051 ] It is not always necessary to apply fine fabrica- 
tion for the template structure covered with the thin film 45 
and, from a structure at a centimeter order (for example 
a template of 1 cm 3 or more size), the nano-structure of 
the invention can be also formed by properly setting the 
condition for forming the thin film and the condition for 
removing the template. That is, 2-dimensional pattern so 
having a line width at a nano-meter order can be formed. 
Such a method is advantageous with a view point that 
the template structure can be manufactured at a reduced 
cost. 

55 

(2) Embodiment (2) 

[0052] Fig. 2 shows the second embodiment of the in- 



vention, wherein plural times of thin film forming are con- 
ducted continuously. Continuously means herein that 
each of the steps such as introduction of a material into 
an apparatus for forming a thin film, formation of a thin 
film, and recovery of the specimen from the inside of the 
apparatus in the process forforming the thin film are con- 
ducted simultaneously or successively with no interrup- 
tion. For example, this is a state different from the treat- 
ment such as batch treatment in which each of the steps 
depends on the preceding and succeeding steps and 
transfers to the next step afterthe completion of one step. 
At first, after forming a template 2 on a substrate 1 (2-1), 
on the surface of the template a thin film 3 is formed (2-2), 
and on the surface of the thin film 3 template 2 is further 
formed (2-3). The size of the template in this case can 
be determined properly depending on the aimed shape 
of the nano-structure. Then, a thin film 3 is formed on the 
surface of the template (2-4) . The thin film may be of a 
material identical with the material of thethinfilm 3formed 
previously or may be different therefrom. Further, while 
the thickness is substantially identical, it may be of a dif- 
ferent thickness. Further, since the thin film is formed by 
liquid phase adsorption in the method of the invention, it 
may suffice that the thin film material contact to the tem- 
plate and the steps can be conducted continuously. 
Then, the surface of the thin film formed subsequently is 
removed to expose a portion of the template (2-5), the 
template formed subsequently is removed (2-6) and, fur- 
ther, the thin film formed previously and the template 
formed previously is conducted as the same (2-7) to ob- 
tain a nano-structure (2-8) . In this embodiment, while 
the template and the thin film are removed stepwise in 
(2-5) to (2-7), the sides of the two thin films may be re- 
moved from the state in (2-4) to the state in (2-7) to re- 
move the two templates at once by a step for once. As 
described above, the template and the thin film can be 
formed alternately and, as a result, a more complicate 
nano-structure can be obtained in the invention. 

(3) Embodiment (3) 

[0053] Fig. 3 shows the third embodiment of the inven- 
tion, wherein a finer nano-structure is formed by using 
the nano-structure obtained by the method of the inven- 
tion as a template. That is, on the surface of a nano-level 
structure 5 (3-1 ) a template 2 is formed (3-2), and on the 
surface thereof a thin film 3 is further formed (3-3). Then, 
the upper side of the thin film formed in (3-3) is removed 
and, further, the template is removed, thereby, a nano- 
structure 4 of a complicate shape as shown in (3-4) is 
obtained. This embodiment has a feature of forming the 
template on the surface of the nano-level structure and 
forming the thin film further thereon. In the invention, liq- 
uid phase adsorption enables the template to be formed 
on the surface of the nano-structure comprising such a 
complicate structure. By using such a complicate struc- 
ture, a much finer structure can be formed. While it has 
been extremely difficultto manufacture such afinerstruc- 
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ture, the nano-structure as shown in (3-1 ) can be formed. 
Thereby, such a nano-structure can be formed easily. 

(4) Embodiment (4) 

[0054] Fig. 4 shows an example of a nano-structure of 
a further complicate shape, wherein a template 2 is 
formed on a substrate 1 (4-1 ), on the surface of the tem- 
plate 2 a thin film 3 is formed (4-2), a portion thereof (4-2) 
is removed so as to be substantially perpendicular to the 
substrate (4-3). Further, by removing the template, those 
of the shape shown in (4-4) are obtained. Then, by using 
the nano-structure as a template, a thin film 31 is formed 
(4-5) . Then, a right portion in (4-5) is removed (4-6) and 
the template is removed to obtain a nano-structure 41 
shown in (4-7). On the other hand, in (4-5) by removing 
the upper portion and removing the template, a nano- 
structure 42 shown in (4-8) is obtained. 
[0055] This embodiment has a feature in obtaining a 
nano-structure by using the nano-structure formed by us- 
ing a template as a template. By using this embodiment, 
a nano-structure of a more complicate structure can be 
formed. Particularly, the template can be formed by liquid 
phase adsorption on the surface of the nano-structure 
having the complicate structure in the invention. 
[0056] Further, in this embodiment, the thin film and 
the template are removed at the side substantially per- 
pendicular to the template. Since this embodiment ena- 
ble to remove the thin film and/or template at the side 
other than the top side (upper side of the template), a 
template of a further complicate structure can be prefer- 
ably formed. 

(5) Embodiment (5) 

[0057] Fig. 5 shows the fifth embodiment of the inven- 
tion, wherein on the surface of a columnar template 2 on 
the surface of a columnar template 2 (5-1), a thin film 3 
is formed (5-2), then, a portion of the thin film is removed 
(5-3), and the template is removed to form a nano-struc- 
ture 4 (5-4). As described above, the shape of the tem- 
plate is not limited so long as the thin film can be formed 
in the method of forming the nano-structure of the inven- 
tion. Accordingly, nano-structures of various shapes can 
be formed. 

(6) Embodiment (6) 

[0058] Fig. 6 shows the sixth embodiment of the inven- 
tion, wherein on the surface of a square cylindrical tem- 
plate 2 formed on the substrate 1 (6-1), a thin film 3 is 
formed (6-2), on the surface of the thin film 3 a template 
2 is further formed (6-3), and on the surface a thin film 
32 is formed (6-4). The composition of the thin film 32 
differ from that of the thin film 3 formed in (6-2) . Then, 
in the same manner as in the embodiment described 
above, by conducting the operations for removing the 
thin film (6-5) and removing the template (6-6), a nano- 



structure 43 having different compositions depending on 
the portion is obtained (6-7). As described above accord- 
ing to the invention, a nano-structure having different 
compositions depending on the portions can be formed 

5 easily, which is extremely useful. In this embodiment, 
while an identical kind of the template is used, the tem- 
plate can be changed properly in accordance with the 
kind of the thin film to be formed on the surface thereof. 
As described above, in the invention, plural times of form- 

10 ing of thin film are conducted and different thin filmma- 
terialscanbe used respectivelyforthecorrespondingthin 
film formation and, as a result, a more complicate nano- 
structure can be easily formed. Further, the composition- 
al ratio can also be easily controlled. 

15 

(7) Embodiment (7) 

[0059] Fig. 7 shows one of application examples for a 
nano-structure obtained by the invention, wherein the na- 
no-structure 4 obtained in the embodiment (1 ) described 
above is used as an index (7-1 ), and the substrate portion 
and the thin film are removed successively (7-3, 7-3). 
Then, a structure at a nano-level consisting only of the 
substrate material is finally obtained (7-4). 
[0060] It is of course possible to form a nano-structure 
comprising a substrate and a thin film while leaving a 
portion of the thin film. 

(8) Embodiment (8) 

[0061 ] Fig. 8 shows a further application example of a 
nano-structure obtained according to the invention, 
wherein a columnartemplate 2 with oneside being longer 
than the other side is formed on a substrate 1 (8-1), on 
the surface of the template 2 a thin film 3 is formed (8-2) 
and, after removing a portion of the thin film 3, the tem- 
plate 2 is removed to obtain a nano-structure 4 (8-3). 
Then, on a substrate containing the surface of the nano- 
structure a template 21 elongate in the direction perpen- 
dicular to that described previously is formed (8-4). In 
this case, the substrate at this stage has no smooth sur- 
face but is in a state with uneven surface. That is, the 
template in (8-4) is concave to the substrate. Then, on 
the surface of the template a thin film 33 of a composition 
different from that of the thin film described above is dis- 
posed (8-5), a portion of the thin film 33 is removed (8-6), 
and the template 2 is removed to obtain a nano-structure 
44 (8-7). 

[0062] This embodiment has a feature in that a nano- 
structure is formed further on the surface where some or 
other nano structure is disposed on the surface of the 
substrate. I n the existent method, such a complicate con- 
stitution can not have substantially been formed. With 
the view point described above, the invention is extreme- 
ly superior. 

[0063] Further, by optionally conducting the same 
method as in Embodiment (7), it is possible to remove 
the thin film and the substrate portion to form a structure 
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as in (8-8). 

(9) Embodiment (9) 

[0064] Then, an embodiment of forming a porous na- 
no-structure istobedescribed. Thatis, athinfi Immaterial 
(forexample, metal oxide precursor) and a template for 
forming a porous material (hereinafter referred to as 
"template for porous material") are mixed on the surface 
of the template to form a thin film (metal oxide thin film 
containing the template for porous material) on the sur- 
face of the template formed by the same method as de- 
scribed above. Then, after forming the thin film, the tem- 
plate for porous material is removed to obtain a thin film 
having a structure reflecting the shape of the template 
forporousmaterial (porous structure). Then, a portion of 
the obtained porous thin film is removed and the template 
is removed by the same manner as the method described 
above to manufacture a porous nano-structure. The man- 
ufacture is possible by the method described above only 
when conducting the liquid phase adsorption. 
[0065] The method of removing the templates for use 
in porous material includes, for example, a plasma treat- 
ment, an acid treatment, and an alkali treatment. 
[0066] The material of the template for porous material 
can be determined properly depending on the size of the 
porous material, materials for the thin film, the template 
and the like, and organic compounds, metal ions, metal 
complexes, biomacromolecule such as proteins or nu- 
cleic acids, fine metal particles, fine organic particles, 
and the like, can be generally applied. The template for 
porous material preferably have functional groups by 
which the template for porous material and the thin film 
material can be reacted with each other such that the 
thin film material and the template for porous material 
preferably interact. In a case of using a metal alkoxide 
for the thin film material, it preferably has, for example, 
carboxyl groups, amino groups and hydroxyl groups and, 
more preferably, carboxyl groups or hydroxyl groups. 
Further, those having electrostatic interaction as the in- 
teraction are preferred. Generally, metal oxides often 
have negative static charges and, while those having 
positive charges are preferred as the molecule in this 
case, they are not limited. The grain size of the template 
for porous material is preferably from 1 to 50 nm. 
[0067] The porosity of the porous nano-structure of the 
invention formed on the template for porous material can 
be controlled easily depending on the content of the tem- 
plate for porous material to be mixed, and the porosity 
can be, for example, from 1 to 99% and, more preferably, 
from 1 0 to 90%. 

[0068] The porous nano-structure as described above 
can be used preferably as catalyst filters, filtration filters, 
and the like. 

Example 

[0069] The present invention is to be described more 



specifically referring to examples. Materials, amount of 
use, ratio, content of treatment, treatment procedures, 
and the like shown in the following examples can be 
changed properly so long as they do not depart from the 
5 gist of the invention. Accordingly, the scope of the inven- 
tion is not limited to the specific examples shown below. 

Example 1 

10 [0070] A silicon wafer substrate having an organic re- 
sist (TDUR-P015 PM: trade name of products manufac- 
tured by Tokyo Oka Industry) in which a rectangular line 
structure of 340 nm width and 400 nm height was formed 
by a lithographic method was applied with an oxygen 

15 plasma treatment (10 W, 180 mTorr pressure). Then, it 
was dipped in a 1 0 ml_ solution of silicon tetraisocyanate 
(Si(NCO) 4 ) in (100 mM heptane) at a room temperature 
and a normal pressure for 2 min, then dipped in 10 ml_ 
of hexane for one min, further dipped in 1 0 mL of deion- 

20 jzed water for one min, and finally dried in a nitrogen gas 
stream. A series of the procedures (surface sol-gel op- 
eration) were conducted for 1 5 times to form a micro thin 
silica filmonthe surface over the substrate (filmthickness: 
50 nm). Further, it was again applied with the oxygen 

25 plasma treatment (30 W, 2 hours). After exposure, the 
upper side was etched under argon by a beam current 
of 80 mA at 400 V for 2 min. Successively, the substrate 
was again applied with the oxygen plasma treatment (30 
W, 2 hours). 

30 [0071] Fig. 9 shows the result in which it was recog- 
nized that silica lines (nano structure) of about 50 nm 
width and about 400 nm height were formed. Further, it 
was recognized that the upper side of the line was ex- 
tremely smooth. Further, it can be seen thatthe silica line 

35 has a high aspect ratio to the line width (the height/width: 
about 8 in this case), and the silica line is held in a self- 
sustainable manner. 

Example 2 

40 

[0072] A silicon wafer substrate having an organic re- 
sist (TDUR-P015 PM trade name of products, manufac- 
tured by Tokyo Oka Industry) in which a rectangular line 
structure of 340 nm width and 400 nm height was formed 

45 by a lithographic method was applied with an oxygen 
plasma treatment (10 W, 180 mTorr pressure). Then, it 
was dipped in a 1 0 mL solution of silicon tetraisocyanate 
(Si(NCO) 4 ) in (100 mM heptane) at a room temperature 
and a normal pressure for 2 min, then dipped in 10 mL 

50 of hexane for one min, further dipped in 1 0 mL of deion- 
ized water for one min, and finally dried in a nitrogen gas 
stream. A series of the procedures (surface sol-gel op- 
eration) were conducted for 1 5 times to form a micro thin 
silica filmon the surface over the substrate. Successively, 

55 it was again applied with the oxygen plasma treatment 
(exposed for 5 hours at 30 W and the successively for 4 
hours at 50 W). Successively, it was applied with a baking 
treatment (450°C for 5 hours) and, after exposure, the 
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upper side over the substrate was etched under argon 
by a bean current of 80 mA at 400 V for 2 min. Succes- 
sively, the substrate was again applied with the oxygen 
plasma treatment (30 W, 2 hours). 
[0073] Fig. 10 shows the result in which it was recog- 
nized that silica lines of about 50 nm width and about 400 
nm height were formed. Also in this case, it can be seen 
that silica lines are maintained in a self-sustainable man- 
ner as described previously. 

Comparative Example 1 

[0074] In Example 1 , in a case of using polyvinyl alco- 
hol instead of silicon tetraisocyanate and changing the 
dipping temperature from the room temperature to 
450°C, it could not be dipped in polyvinyl alcohol due to 
evaporation of the solvent and decomposition of polyvinyl 
alcohol and no thin film was obtained. 

Comparative Example 2 

[0075] In Example 1 , in a case of using polyacrylic acid 
instead of silicon tetraisocyanate and changing the dip- 
ping temperature from the room temperature to 450°C, 
it could not be dipped in polyacrylic acid due to evapo- 
ration of the solvent and decomposition of polyacrylic ac- 
id and no thin film was obtained. 

Comparative Example 3 

[0076] In Comparative Example 1 , formation of a thin 
film was attempted by vapor depositing polyvinyl alcohol 
at 100 Pa but polyvinyl alcohol was not vaporized and 
vapor deposition could not be conducted. 100 Pa is a 
pressure in the general vapor deposition procedure. 

Comparative Example 4 

[0077] In Comparative Example 2, formation of a thin 
film was attempted by vapor depositing polyacrylic acid 
at 1 00 Pa but polyacrylic acid was not vaporized and 
vapor deposition could not be conducted. 100 Pa is a 
pressure in the general vapor deposition procedure. 

Example 3 

[0078] In Example 1, a ultrathin film was formed by 
alternately stacking silicon tetraisocyanate and poly- 
acrylic acid by the method described in JP-A No. 
2002-338211, column No: 0045 with other procedures 
being conducted in the same manner. A favorable nano- 
structure was formed in the same manner as in Example 
1. 

Comparative Example 5 

[0079] In Example 3, stacking of silicon tetraisocy- 
anate and polyacrylic acid by gas phase adsorption was 



attempted, but control for the compositional ratio was dif- 
ficult in the gas phase state and no uniform film could be 
formed. 

5 Example 4 

[0080] A silicon wafer substrate having an organic re- 
sist (TDUR-P015 PM, trade name of products manufac- 
tured by Tokyo Oka Industry) in which a rectangular line 
10 structure of 340 nm width and 400 nm height was formed 
by a lithographic method was applied with an oxygen 
plasma treatment (10 W, 180 mTorr pressure) . Then, it 
was dipped in a 1 0 ml_ solution of silicon tetraisocyanate 
(Si(NCO) 4 ) in (100 mM heptane) at a room temperature 
15 and a normal pressure for 2 min, then dipped in 10 mL 
of hexane for one min, further dipped in 1 0 mL of deion- 
ized water for one min and finally dried in a nitrogen gas 
stream. Then, it was dipped in an ethanol solution of poly- 
acrylic acid (PAA) (1 mg/ml) for 10 min, further dipped 
and cleaned in ethanol at 25°C for 1 min, and then dried 
by blowing a nitrogen gas. A series of the procedures 
(surface sol-gel operation) were conducted for 15 times 
to form a super thin film laminate comprising silica and 
PAA (complex body) on the surface of the template. Fur- 
ther, it was again applied with the oxygen plasma treat- 
ment (30 W, 2 hours). After exposure, argon etching was 
applied under the condition at 400 V and 80 mA of a 
beam current for 2 min to remove the top side of the thin 
film. Successively, the substrate was again applied with 
the oxygen plasma treatment (30 W, 2 hours) to remove 
the template. 

[0081 ] As a result, a silica/PAA complex body of about 
50 nm width and about 400 nm height was obtained. Fur- 
ther, the complex body had a self-sustainability. 

Industrial Applicability 

[0082] While radiation rays such as light and electron 
beams have been utilized so far intending to enhance 
the miniaturization by the wavelength, according to the 
invention, in the invention, the size of the fine pattern can 
be controlled by using a method of controlling the thick- 
ness of the thin film with a quite different point of view. 
Particularly, in the method of forming the nano-structure 
according to the invention, the width of the finally obtained 
nano-structure could be controlled to a width of several 
nm. Further, since such a nano-structure can be formed 
with no limitation on the size of the substrate according 
to the method of the invention, it enabled the nano-struc- 
ture to be formed on a large substrate (for example, 1 
cm 2 or more and, further, 1 0 cm 2 or more), as well as on 
a small substrate. 

[0083] Further, since the method of the invention re- 
quires no large scale apparatus, the manufacturing cost 
can be reduced. 

[0084] In addition, according to the method of the in- 
vention, the process can be conducted continuously un- 
der mild conditions. 
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[0085] Furthermore, since the constitution of the inven- 
tion is not limited for the materials of the thin film or the 
template and various shapes can be used for the tem- 
plate structure, nano-structures of various shapes can 
be formed. 

[0086] Accordingly, the nano-structure and the method 
therefore of the invention can be widely used, for exam- 
ple, in the field of semiconductors. For example, the 
method of the nano-structure according to the invention 
can be used as a method for carrying out nano-imprint. 
Further, when the nano-structure of the invention com- 
prises metal oxide, a fine metal wire is obtained by re- 
ducing the metal oxide. 

[0087] Since the nano-structure of the invention can 
provide a material having a structure controlled for the 
fineness of the shape and the size by the adjustment for 
the thickness of the thin film, it is applicable to various 
fields such as nano-structures, super thin film sheets, 
and ultra-fine metal fibers which have been considered 
difficult to be manufactured by the fine fabrication tech- 
nique using electromagnetic waves such as light and 
electron beams. Further, when the nano-structure of the 
invention comprises a complex material, a wide range of 
application uses is expected as bio-functional materials 
incorporated with proteins such as enzymes and medical 
materials. 

[0088] In addition, since the nano-structure of the in- 
vention can be obtained as a self-sustainable material 
by stacking organic/metal oxides complex thin films hav- 
ing various forms at an accuracy of nano-meter, electrical 
and electronic characteristics, magnetic characteristics 
and optical functional characteristics which were new per 
se can be designed. Specifically, it can be used for the 
manufacture of semiconductor super lattice materials 
and the design for photochemical reaction or electro- 
chemical reaction at high efficiency. Further, since the 
manufacturing cost for the nano-material of the invention 
is extremely lower compared with other means, it can be 
a practical basic technique such as an optical-energy 
conversion system, for example, solar cells. 
[0089] Further, various functionally gradient materials 
can be manufactured by changing stepwise the lamina- 
tion ratio of two or more kinds of metal compounds with 
the nano-material of the invention. Further, by combina- 
tion with successive adsorption methods for organic com- 
pounds proposed variously so far, various types of or- 
ganic and inorganic complex superthin films can also be 
designed to manufacture nano-structureshaving new op- 
tical, electronic,and chemical functions. 
[0090] Further, the nano-structures formed of the 
amorphous organic/metal oxide complex thin films have 
lower density than usual nano-structures containing the 
metal oxides and it can be expected that they are utilized 
as the super low dielectric constant material and appli- 
cable to the manufacture of various kinds of sensors. 
Particularly it is prospective also as insulative materials 
for circuits patterned at a size of from 10 to 20 nm or 
electronic circuits with unevenness, or masking or coat- 
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ing film upon applying super fine fabrication on the solid 
surface. 

[0091] In addition, since the nano-structure comprising 
the amorphous organic/metal oxide complex has an 
enormous number of molecular size porosity, it can be 
utilized also the synthesis of new substances utilizing 
supporting of catalyst and intake for the ions. Further, by 
incorporation into various kinds of materials, the materi- 
als surface can be provided with different chemical, dy- 
namic, and optical characteristics, and application to a 
photo-catalyst or super hydrophilic surface can also be 
expected. 



15 Claims 



A method of forming a nano-structure comprising 
forming a thin film by a liquid phase adsorption on 
surface of a template formed on a substrate, remov- 
ing a portion of the thin film, and removing the tem- 
plate. 
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The method of forming a nano-structure according 
to Claim 1 , wherein a portion of the template is ex- 
posed by the removing of the portion of the thin film. 

A method of forming a nano-structure comprising 
forming a first thin film on surface of a first template 
formed on a substrate, forming a second template 
on the surface of the first thin film, forming a second 
thin film on the surface of the second template, re- 
moving a portion of the first thin film and/or the sec- 
ond thin film simultaneously or separately, and re- 
moving the first template and/orthe second template 
simultaneously or separately, wherein at least one 
of the forming of the first thin film, the forming of the 
second template, and the forming of the second thin 
film is conducted by liquid phase adsorption. 

The method of forming a nano-structure according 
to Claim 3, wherein material of the first thin film differs 
from that of the second thin film. 

The method of forming a nano-structure according 
to Claims 3 or 4, wherein the forming of the first thin 
film, the forming of the second template, and the 
forming of the second thin film are conducted con- 
tinuously. 



50 6. The method of forming a nano-structure according 
to any one of Claims 1 to 5, wherein the thin film is 
formed by a sol-gel method. 

7. The method of forming a nano-structure according 
55 to any one of Claims 1 to 5, wherein the thin film is 

formed by a sol-gel method using a metal alkoxide. 

8. The method of forming a nano-structure according 



45 
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to any one of Claims 1 to 5, wherein the thin film is 
formed by stacking by a sol-gel method for one or 
more times. 

9. The method of forming a nano-structure according 5 
to any one of Claims 1 to 8, wherein the thin film is 
formed at 0 to 150°C. 

10. The method of forming a nano-structure according 

to any one of Claims 1 to 9, wherein the thin film is 10 
formed under 1 .0 x 1 0 6 Pa or lower. 

11. The method of forming a nano-structure according 
to any one of Claims 1 to 10, wherein the template 

is the nano-structure formed by the method accord- 15 
ing to any one of Claims 1 to 1 0. 

12. The method of forming a nano-structure according 
to any one of Claims 1 to 1 1 , comprising forming a 
template on the surface of the nano-structure formed 20 
by the method according to any one of Claims 1 to 1 1 . 

13. The method of forming a nano-structure according 
to any one of Claims 1 to 12, wherein the thin film 
comprises one or more selected from the group con- 25 
sisting of metal oxides, organic/metal oxide complex, 
organic compounds, and organic/inorganic com- 
plex. 

14. The method of forming a nano-structure according 30 
to any one of Claims 1 to 13, wherein the template 
comprises an organic compound. 

15. The method of forming a nano-structure according 

to any one of Claims 1 to 14, wherein the thickness 35 
of the thin film is 1 00 nm or less. 

16. The method of forming a nano-structure according 
to any one of Claims 1 to 14, wherein the thickness 

of the thin film is from 10 to 50 nm. 40 

17. The method of forming a nano-structure according 
to any one of Claims 1 to 1 6, the surface of template 
is not planar. 

45 

18. The method of forming a nano-structure according 
to any one of Claims 1 to 1 7, the template has a size 
of 1 cm 3 or more. 

19. The nano-structure obtained by the method accord- so 
ing to any one of Claims 1 to 1 8. 

20. The nano-structure according to Claim 19, having 
self-sustainability. 

55 
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